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Materials
AbstrAct
Purpose: Purpose: The aim of the paper is to determine the influence of laser melting upon the selected physical 
properties of  ZrO2 - Y2O3 ceramic coatings deposited by APS (Air Plasma Spraying) method on super-alloys 
which function as TBC (Thermal Barriers Coatings).
Design/methodology/approach: Laser melting which helps eliminate pores and other structural defects of 
coatings should contribute to the improvement of their density and durability as thermal barriers. In order to 
prove the assumptions made in the paper, coatings featuring varied porosity and deposited upon the nickel base 
super-alloys surface with the initially sprayed NiCrAlY bond coat have been subjected to laser melting and then 
their structure, thermal conductivity and thermal life prediction in the conditions of cyclic temperature changes 
from 20 to 1200ºC have been examined.
Findings: It has been revealed that the coatings  featuring low porosity  laser melted on part of their thickness 
and heated up to about 700ºC demonstrate the highest thermal life prediction under the conditions mentioned 
and at slightly lower thermal conductivity.
Research limitations/implications: Low wettability of metal by ceramic which results from various surface 
tensions of these materials is the cause of their lower  adhesion to the substrate during laser melting  all through 
their thickness. It is so because delaminations occur between phases the boundary and cracks.
Practical implications: The worked out conditions of laser melting might be used in the process of creation of 
TBC which feature high working durability upon super-alloy elements.
Originality/value: It has been found that homogenization of chemical composition of coatings occurs during 
laser melting leading to the reduction of ZrO2 - Y2O3 phase with monoclinic lattice participation as well as to the 
reduction of structural stresses which accompany this phase transformation during heating and cooling process.
Keywords: Composites; Thermal barrier coatings; Air plasma spraying; Laser treatment; Properties
1. Introduction 
Oxide  ceramic  materials  feature  high  melting  temperature, 
relatively  low  density  and  low thermal conductivity as  well as 
considerable corrosion resistance to chemically active media in 
high  temperatures.  Ceramic  coatings,  however,  seem  more 
effective  as  thermal  barriers  TBC  deposited  upon  surfaces  of 
super-alloy surfaces, operating under load in high temperatures. 
Low  thermal  conductivity  of  ceramic  materials  in  comparison 
with  metals  determine  the  fact  that  the  high  thermal  gradient 
formed in relatively thin coating significantly reduces the working 
temperature  of  the  metal  substrate  in  the  metal  element  as 
compared to the temperature of thermodynamic factor i.e. gas or 
wastes.  It  is  then  possible  to  increase  both  the  operating 
temperature  and  thermal  efficiency  specially  in  case  of 
aeronautical  gas  turbines  and  stationary  turbines.  The  above 
seems  resistance  of  metal  alloys.  The  maximum  operating 
temperature  of  monocrystalline  gas  turbine  blades  produced 
nowadays  from  nickel  base  alloys  is  close  to  1100ºC,  and  the 
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application  of  important  as  it  is  quite  problematical  how  to 
increase creep ceramic thermal barriers helps increase it by about 
100ºC  [1,2].  ZrO2  plus  8%wt.  Y2O3  which  stabilizes  the 
modification of this ceramic material with a cubic lattice up to the 
melting temperature over 2700ºC generates considerable interest 
[3,4]. Various interatomic bonds of ceramic material and alloys 
determine  relatively  weak  bonds  between  these  materials. 
Moreover, much lower thermal expansion of the ceramic material 
as compared with the substrate generates thermal stresses in the 
ceramic coating which subsequently reduces their durability. In 
order to improve bonds between these materials, ceramic coatings 
are  deposited  upon  metal  substrate  with  considerable  surface 
roughness, usually after initial deposition of eg. NiCrAIY alloy 
coat featuring hot corrosion resistance and mean value of thermal 
expansion  coefficient  related  to  right  expansion  for  ceramic 
material  and  substrate.  This  increases  adhesion  of  coatings  to 
metal substrate and decreases thermal stresses during heating and 
cooling  processes  [5-7].  The  most  widely  used  method  of 
depositing  ceramic  coatings  upon  developed  metal  surfaces  is 
APS  (Air  Plasma  Spraying)  of  LPPS  (Low  Pressure  Plasma 
Spraying)  together  with  EB  PVD  (Electron  Beam  Physical 
Vacuum  Deposition).  Coatings  deposited  by  plasma  spraying 
method  feature  significant  relative  volume  of  the  pores,  the 
presence  of  cracks  with  parallel  and  normal  orientation  to 
substrate which lower the adhesion and strengthen the coatings 
peeling  and  chipping  off.  The  mentioned  defects  facilitate 
diffusion permeability of oxygen ions from gas medium through a 
coating and into a metal substrate or NiCrAIY bond coat where 
together with Cr and Al they form Cr2O3 and Į - Al2O3 oxides 
upon the boundary of these materials. Thickness growth of these 
oxides  during  operations  in  high  temperatures  which  are 
characterized  by  high  E  Young’s  modulus  as  well  as  varied 
specific volume in relation to ZrO3 – Y2O3 ceramic is the cause 
which generates acute structural stresses and cracks upon phases 
boundary  [8-10].  It  is  anticipated  that  laser  melting  which 
eliminates  defects  of  coating  structure  deposited  with  plasma 
spraying method will improve their adhesion and durability. The 
aim of this paper is to define the laser melting conditions as well 
as  determine  the  influence  of  this  process  upon  the  structure, 
selected  physical  properties  and  durability  of  ZrO3  –  Y2O3
coatings functioning as thermal barriers. 
2. Testing material 
Samples cut out of nickel base EI 868 super-alloy plate of 1,2 
mm thickness and surface roughness 9,2 ± 2,3 Pm containing d
0,10  %wt.  C;  d1,0%wt.Mn;  d0,5%wt.Si;  24  y26%wt.Cr;  0,3 
y0,7%wt.Ti;  d  0,25%wt.Al; 14  y16%wt.W;d    0,10%wt.Mn; 
2,85%wt.Fe  [11]  have  been  subjected  to  investigations.  First, 
NiCrAIY  (Amdry  961)  alloy  of  200  µm  thickness  and  then 
another ceramic coating ZrO2 + 8%wt. Y2O3 (Metco 204B-NS) 
of 350 µm thickness and 8-16% porosity have been deposited by 
plasma  spraying  method  upon  their  surface.  Laser  melting  of 
ceramic coatings followed right through or at a depth of 200 
µm. Chemical composition of powder mixtures Amdry 961 and 
Metco 204 B-NS used for plasma spraying have been presented 
in Table 1. 
Table 1 
Chemical composition, granularity and morphology of powders 
[12] 
Powder mixture  Contents, %wt.  Granularity, 
µm Powder 
morphology 
Amdry 961  76,5%Ni+ 
17%Cr+
6%Al+0,5%Y
105  Spherical gas 
sprayed 
Metco 204B–NS  92%ZrO2+
8%Y2O3
74 Spherical
HOSP
*of
high purity 
HOSP
* (Hole Structure Powder)-porous 
Laser  melting  of  coatings  right  through  or  at  a  defined 
depth has been done by HPDL Rofin Sinar DL 020 diode laser 
of  0,1–2,5  kW  power.  Continuous  radiation  of  808  ±  5  nm 
wave length, 82• 10¯³ m focal distance and (1,8 • 6,8) 10¯³ m 
focal  spot  dimensions  has  been  applied.  Melting  conditions 
have  been  determined  upon  previously  prepared  model 
dependence  chosen  in  the  paper  [13],  altering  laser  power 
from 300 – 900 W. Samples positioned upon cool substrate or 
steel block heated up to 700ºC to reduce thermal stresses have 
been shield and cooled during laser treatment by argon flux of 
0,2 • 10¯
3m
3/s intensity of flow coming out of the nozzle of 12 
•  10
-3  m  diameter.  It  has  been  found  that  ceramic  coatings 
deposited directly upon sanded surface of EI 868 super-alloy 
show the tendency to peel and chip off during laser treatment. 
High  porosity  coatings  deposited  upon  NiCrAIY  bond  coat 
behave in a similar way. However, right through laser melting 
of coatings often leads to a serious damage of bonds upon the 
boundary between ceramic  material and NiCrAIY bond coat 
which occurs due to significant difference in surface tension of 
these materials. The structure and selected physical properties 
of ceramic coatings deposited by plasma spraying method and 
in laser melted state have been determined by the method of 
light microscopy, X ray qualitative and quantitative structural 
analysis,  microanalysis  of  chemical  composition, 
measurements of hardness, density and thermal conductivity, 
structural stability as well as resistance to cyclic temperature 
changes. 
3. Examination results and discussion 
ZrO2  –  Y2O3  ceramic  coatings  with  8  to  16%  porosity 
deposited by plasma spraying upon NiCrAIY bond coat feature 
fine stratification and uniform distribution of pores provided the 
porosity  is  the  lowest,  due  to  the  short  distance  between  the 
nozzle  of  plasma  gun  and  the  sprayed  surface.  The  increased 
porosity of coatings caused by longer distance between the nozzle 
and the sprayed surface results in their lower quality due to lower 
plasma temperature and higher viscosity of ceramic drops. Then 
large pores with developed  form  as well as cracks normal to the 
direction of plasma spraying emerge in coatings and also at the 
boundary ceramic coating – NiCrAIY bond coat (Fig.1). 
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Fig.  1.  Structure  of  ceramic  coating  with  porosity  12,17% 
deposited  by  APS  method  upon  NiCrAlY  bond  coat  on  the 
substrate of EI 868 alloy (not electrolytic etching) 
Laser  melting  process  greatly  affects  the  structure  and 
hardness  of  ceramic  coatings.  Pores,  microcracks  and  other 
defects  developed  during  plasma  spraying  process  disappear. 
However,  laser  melting  of  these  coatings  all  through  their 
thickness  generates  cracks  and  stratifications  at  the  boundary 
ceramic  coating  –  NiCrAIY  bond  coat  (Fig.2).  It  is  so  since 
thermal  tensile  stresses  are  generated  in  coatings  during  the 
cooling  process.  This  is  due  to  lower  thermal  expansion  of 
ceramic  material  and  metal  substrate.  Only  coatings  partially 
laser  melted  preserve  perfect  bond  between  substrate  and 
sample  and  show  compact  structure.  It  is  true  specially  for 
coatings with low porosity, laser melted at samples preheated to 
the temperature of 700ºC (Fig.3). The fact that the number of 
pores  and  other  structural  defects  developed  during  plasma 
spraying disappear, is the factor which decides that the hardness 
of laser melted coatings is much higher than those which were 
not subjected to such treatment. For example, the hardness of a 
coating with 7.46 % porosity ranges from 1000 to 1200 HV0,5
and increases after laser melting to about 1600 HV0,5 Hardness 
of NiCrAIY bond coat is about 420 HV0,5 while EI 868 super-
alloy substrate is about 200 HV0,5. Laser melting significantly 
affects the phase composition of coatings in comparison with 
those plasma sprayed. It also affects Metco 204B-NS powder 
mixture used for their production. The mixture contains all three 
allotropic  forms  of  ZrO2  i.e.  with  cubic,  tetragonal  and 
monoclinic lattice as well as slight participation of Y2O3.  ZrO2
– Y2O3 tetragonal phase has c/a lattice parameters nearly close 
to unity therefore the diffraction lines from lattice plane of cubic 
phase overlap with reflexes coming from defined lattice planes 
of tetragonal phase. ZrO2- Y2O3 ceramic coating laser plasma 
sprayed features similar phase composition at lower intensity of 
diffraction  lines  from  Y2O3  phase.  It  means  that  powder 
particles Y2O3 did not totally dissolve in ZrO2 during plasma 
spraying. Thus ZrO2–Y2O3 coatings deposited by this method 
feature  heterogeneous  chemical  composition.  Laser  melting 
practically  eliminates  reflexes  coming  from  lattice  planes  of 
Y2O3 and ZrO2 – Y2O3 phase with monoclinic lattices [13]. The 
absence of diffraction lines from phases with monoclinic lattice 
in  X  –  ray  spectrum  indicates  homogenization  of  chemical 
composition of coatings arise during laser melting process. The 
data  have  been  proved  by  X-ray  microanalysis  and  WDS 
spectrometer [13]. 
Varied  volume  participation  of  ZrO2  –  Y2O3  phase  with 
monoclinic lattice in plasma sprayed and laser melted coatings 
has been also proved by Toraya method. 
The paper [13] states that volume  participation of this phase 
in Metco 204B-NS powder mixture is 6,7% and decreases to 5,2% 
in  coatings  deposited  by  plasma  spraying  method  and  to  1,7% 
after laser melting. 
Fig. 2. Structure of ceramic coating ZrO2 – Y2O3 with porosity 
15,23%  fully  laser  melted;  laser  power  700  W,  scanning  rate 
0,0125 m/s 
Fig. 3. Structure of ceramic coating ZrO2 – Y2O3 with porosity 
7,46%  partially  laser  melted;  laser  power  600W,  scanning  rate 
0,0083 m/s 
It means that during plasma spraying process, powder grains 
are  transferred  into  doughy  state  or  their  outer  area  is  pitted 
without any possibility of diffusion homogenization of chemical 
composition of coatings [13].  
Thermal conductivity in coatings. Temperatures of thermal 
fluxes penetrating the samples have been determined on the basis 
of test measurements. They helped calculate the values of thermal 
resistance  of  samples.  When  contact  resistance  value  between 
blocks  of  measuring  apparatus  and  samples  surface  has  been 
determined  experimentally  it  then  enabled  to  find  the  thermal 
conductivity coefficient of ceramic coatings with varied thickness 
and porosity as well as in the laser melted state. The calculations 
have  been  done  on  the  basis  of  measurements  carried  out  in 
temperature  range  up  to  800ºC.  The  thermal  conductivity 
coefficient  on  the  other  hand  in  temperature  above  800ºC  was 
calculated  according  to  the  data  included  in  the  paper  [14]. 
Calculations performed for a model sample helped discover the 
effect  of  temperature  reduction  in  each  separate  zone  of  a 
specimen (Fig.4) under the following conditions: stable heat flux 
with deposited ceramic coatings with 7,46% porosity and 1mm 
thickness  and laser melting into the depth of 0,3 mm, NiCrAIY 
coats  with  250  µm  and  EI  868  alloy  substrate  of  1,27  mm 
thickness,  coating  surface  temperature  1200,  1000,  800ºC  and 
20ºC on the other side of the sample. 
The  diagram  shows  that  the  temperature  in  ceramic  coating 
drops significantly together with it's growth on the this surface. The 
change in the coatings surface temperature from 1200 to 1000 and 
to  800ºC  lowers  the  temperature  on  the  coating  featured  by  the 
mentioned thickness by 315, 240 and 188ºC respectively. However, 
the decrease of temperature in metallic areas of samples in such 
circumstances is slight and equals 23, 20 and 18ºC respectively. 
The effect of temperature fall in the coating with the same 
porosity  and  thickness,  which  has  not  been  subjected  to  laser 
melting is slightly bigger and reaches the value of 322, 250 and 
195ºC respectively for temperatures of coating surface 1200, 1000 
and 800ºC. Short paper 80 READING DIRECT: www.journalamme.org
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Distance from coating surface, mm 
Fig. 4. Temperature distribution in ZrO2 – Y2O3 top coat – 1mm 
thick,  in  NiCrAlY  bond  coat  –  250  m  thick  and  in  metal 
substrate of specimen, under the steady heat flow conditions 
Thermal life prediction of ZrO2 – Y2O3 coatings.
The investigations of the influence of thermal cycles i.e heating 
and holding of samples at 1200ºC for 0,25 h and cooling in air to 
room temperature help discover that thermal life prediction the 
ZrO2  –  Y2O3  top  coat  depends  on  their  porosity  after  plasma 
spraying  as  well  as  on  the  laser  melting  conditions.  Surface 
damages, cracks and chippings on the boundary with NiCrAlY 
bond coat after max tested number of 425 thermal cycles have not 
been detected only in case of coatings with low porosity of 7,46% 
deposited  by  plasma  spraying  and  laser  melting  through  about 
50% of thickness upon samples preheated to about 700ºC. Slight 
damages  in  the  form  of  surface  microcracks  lattice  have  been 
found in coatings on cool substrate subjected to laser melting. 
4. Conclusions 
The  performed  investigations  proved  that  the  transfer  of 
ceramic  material  into  liquid  state  during  laser  melting:  reduce 
pores and other structural defects which occur in coatings during 
plasma  spraying  process,  improves  homogeneity  of  chemical 
composition and diminishes phase ZrO2 – Y2O3 with monoclinic 
lattice participation and lowers structural stresses connected with 
transformation  of  this  phase  during  heating  and  cooling. 
Moreover,  tightness,  hardness  and  erosion  resistance  of  the 
coatings are higher.  
Elimination  of  structural  defects  of  coatings  during  laser 
melting  improves  thermal  conductivity  of  the  ceramic  material 
and lowers the temperature gradient on coatings thickness, which 
strongly depends on their porosity after plasma spraying.  
Coatings featuring low porosity after plasma spraying, laser 
melted on part of their thickness carried out upon heated up to 
about 700ºC metal elements seem to posses the highest thermal 
life  prediction  in  the  conditions  of  cyclic  temperature  changes 
from 20 to 1200ºC. This fact causes the reduction of structural 
stresses on the boundary with metal substrate and connected with 
the change of volume of ceramic material during crystallization. 
Besides thermal stresses resulting from varied thermal expansion 
of these materials are reduced as well.  
Coatings featuring low porosity and laser melted on part of 
their thickness when compared with those deposited by plasma 
spraying method demonstrate slightly better thermal conductivity 
and smaller temperature gradient on the thickness which depends 
on thermodynamic factor temperature upon the coating surface. 
These coatings preserve above mentioned physical properties also 
in conditions of steady heat flow. As far as durability is concerned 
in  the  conditions  of  cyclic  temperature  changes  these  coatings 
meet all requirements of thermal barriers. 
References 
[1] M.J.  Stiger,  and  all:  Thermal  Barrier  Coatings  for  the 
21st  Century,  Zeitschrift  fur  Metallkunde,  90(1999) 
pp.1069-1078. 
[2] R. Wing, Materials World , v.8,3(2000)p.10. 
[3] T.  Sakuma,  Phase  Transformation  and  Microstructure  of 
Partially-  Stabilized  Zirconia,  Transactions  of  the  Japan 
Institute of Metals, vol.29,no.11(1988)pp.879-893.  
[4] H.G.  Scott,  Phase  relationships  in  the  zirconia-yttria 
system, Journal of Materials Science10,1975,pp.1527-1535. 
[5] J.R. Brandon, R. Taylor, Phase stability of zirconia-based 
thermal  barrier  coatings  Part  II.  Zirconia-ceria  alloys, 
Surface and Coatings Technology, 46(1991)pp.91-101  
[6] Reiners  G,  and  all  Properties  and  characterization  of 
thermal  spray  coatings,  Proceedings  of  the  15  the 
International Thermal Spray Conference , Nice France v.1 
(1998) pp. 629–632. 
[7] V.Teixeira and all, Proceedings of the 8
th National Thermal 
Spray  Conference,  ed.C.  Berndt,ASM  International, 
Houston, USA(1995) pp. 515–520. 
[8] J.A.  Haynes  and  all,  Characterization  of  alumina  scales 
formed during isothermal and cyclic oxidation pf plasma 
sprayed TBC systems at 1150
0C, Oxidation of Metals, 52, 
1/2 (1999) pp. 31–76. 
[9] V. Teixeira and all, Residual stress analysis of PVD and 
plasma  sprayed  thermal  barrier  coatings  during  thermal 
cycling,  Proceedings  of  the  5th  International  Conference 
Residual Stresses – ICRSǯ5, ed.T. Ericson Sweden, June, v. 
I, (1997) pp. 436–441. 
[10] V.Teixeira and all, Effects of deposition temperature and 
thermal cycling on residual stress state in zirconia – based 
thermal barrier coatings, Surface and Coatings Technology, 
120–121(1999), pp. 103–111. 
[11] Load capacity of gas turbine blades under the influence of 
non-stationary  thermal  and  loading  field,  Ukrainian 
Academy of Science – Soviet Union, Institute of Strength 
Problems at Naukovaia Dumka” Kiev (1975), p. 146–153. 
[12] Sulzer-Metco  the  Coatings  Company,  Materials  Guide, 
Revised December (1999). 
[13] K. KobylaĔska-Szkaradek, The influence of laser treatment 
upon structure and properties ZrO2 – Y2O3 ceramic coatings 
as thermal barriers, Zeszyty Naukowe Politechniki ĝląskiej 
– Mechanika  (Scientific Journal of Silesian University of 
Technology – Mechanics),nr 154,Gliwice (2005). 
[14] K. KobylaĔska-Szkaradek, Investigation some properties of 
thermal barrier coatings, InĪynieria Materiaáowa,(Material 
Engineering), nr 3, (140), ( 2004),pp.604-60 
4.		 conclusions
references